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BACKGROUND AND PURPOSE: Large-vessel intracranial atherosclerotic stenosis carries a proved stroke
risk of 8%—-22% per year with “best medical therapy.” The long-term clinical neurologic and angio-
graphic outcomes of angioplasty and/or stent placement for intracranial atherosclerosis in a consecu-
tive series of patients are presented.

METHODS: The demographics, procedural details, procedural outcome, and long-term neurologic
follow-up in 60 consecutive patients with 71 lesions, undergoing a total of 84 procedures, were
analyzed.

RESULTS: Angioplasty alone was performed in 62 procedures; 22 procedures involved stent place-
ment. The periprocedural stroke +death rate was 4.8%. The overall complication-free success rate was
90.5%. Restenosis occurred in 23 lesions at a mean of 4.6 months; 13 were re-treated without
complication. There were 4 strokes and 4 non-neurologic deaths during 224 patient-years of follow-up.
The annualized stroke rate was 1.8%, and the annualized stroke+all-cause death rate was 3.0%.

CONCLUSIONS: The stroke and death rates in this consecutive series of patients with severe intracra-
nial atherosclerotic stenosis treated with optimal endovascular therapy are considerably less than
those associated with the natural history of intracranial atherosclerosis treated with maximal medical
therapy. Intracranial angioplasty with conditional stent placement is technically feasible and clinically
effective with a substantial reduction in long-term stroke and death.

Intracranial atherosclerosis carries a risk of stroke of 8%-—
22% per annum'™® and may have varying degrees of risk
based on the location and severity of stenoses.' ™ Although this
condition has received little clinical attention, it has been esti-
mated that it is the cause of approximately 5%-10% of all
strokes.">® Until recently, optimal therapy has been thought
to be oral warfarin. With the results from the completed War-
farin Versus Aspirin for Recurrent Stroke Study (WARSS)?
and from the prematurely halted Warfarin Versus Aspirin for
Symptomatic Intracranial Disease Study (WASID),” it is now
known that medical therapy is poorly effective for large vessel
atherostenosis and that aspirin alone is as good or better than
warfarin for all cerebrovascular atherosclerotic conditions.

The current study reports the authors’ long-term clinical
outcomes with independent neurologic examinations in 60
patients who underwent percutaneous transluminal angio-
plasty (PTA) with and without stents for intracranial athero-
sclerotic disease and who had complete preprocedure and
postprocedure neurologic examinations by external observ-
ers. The procedural details and short-term results of the initial
subset of these patients have been reported previously.® Those
patients treated by the first author between 1996 and 1998
were included in the previous article and represented 14 pa-
tients with 16 lesions who underwent a total of 18 procedures
(2 for re-stenosis) and are also included in the series presented
here.
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Methods

Patient Selection

All patients were evaluated and treated at Our Lady of Lourdes Re-
gional Medical Center (Lafayette, La), beginning in August 1996. All
patients undergoing intracranial angioplasty or stent placement at
this institution between August 1996 and May 2004 were included in
this analysis. Neurologists referred most patients for treatment; other
referring physicians included neurosurgeons, internists, vascular sur-
geons, and cardiologists. Before referral, all patients had catheter an-
giographic or MR angiographic (MRA) imaging as well as cross-sec-
tional imaging of the brain and were specifically referred for possible
endovascular therapy. Functional imaging (eg, perfusion CT) data
were not readily available until near the end of the series and were,
therefore, not collected. After clinical and neuroimaging evaluation
by the neurointerventionist (J.C.W.), management options were dis-
cussed by the referring clinician and the neurointerventionist.

All patients in the study had measured initial stenoses of at least
70% by the North American Symptomatic Carotid Endarterectomy
Trial (NASCET) criteria, which are comparable to WASID method-
ology. Most patients with an asymptomatic stenosis or a newly diag-
nosed symptomatic stenosis were initially managed with maximal
medical therapy, including dual antiplatelet therapy (aspirin and clo-
pidogrel [Plavix] or aspirin/dipyridamole [Aggrenox]) and cholester-
ol-lowering agents (statins). Treatment of related conditions such as
diabetes or hypertension was optimized. More recently, because of
potential beneficial vascular effects, patients were also placed on an
angiotensin-converting enzyme (ACE) inhibitor. Even patients with
blood pressure in a normal range were placed on low-dose ACE in-
hibitor therapy unless they could not tolerate it. Blood pressure was
preferentially kept at the upper limits of normal to maximize cerebral
perfusion past the stenotic vessel. Patients who developed symptoms
or continued to have symptoms on maximal medical therapy were
then considered for endovascular therapy.

An additional subset of patients with asymptomatic lesions was
considered for endovascular therapy if they were already being treated



Fig 1. A, 71-year-old woman who initially presented with a cerebellar infarct. Posteroanterior (PA) left vertebral arteriogram reveals a high-grade stenosis of the proximal basilar artery,
supplied only by this vessel (arrow). This lesion is concentric and measures <10 mm in length and is typical of lesions responding well to angioplasty alone. B, Appearance immediately
after angioplasty, illustrating that safe suboptimal improvement is satisfactory. There is residual stenosis but flow is improved. C, Appearance 6 months. The patient is still asymptomatic;
no repeat angioplasty was performed. [, Appearance 7 years after angioplasty shows that the lesion is stable. The patient remains asymptomatic.

for a symptomatic lesion, had a high-grade stenosis (>70% or <1
mm residual lumen) and required major surgery such as coronary
artery bypass grafting, or had angiographically proved rapidly pro-
gressive stenosis.

Preprocedural Management

This retrospective analysis received institutional review board ap-
proval. Treatment options and timing were discussed with the patient
and family. The potential use of off-label devices and the fact that data
were being collected were explained. Informed consent was obtained
from the patient.

In general, patients continued to receive all medications until en-
dovascular treatment, except when contraindicated. Those on warfa-
rin were switched to another anti-thrombotic therapy 5 days in ad-
vance of the procedure. Initially, these patients were placed on a
weight-based intravenous (IV) heparin protocol; however, more re-
cently, patients received low-molecular-weight heparinoid therapy at
home (administered by a visiting nurse).

Procedure

General

All procedures were performed with the assistance of anesthesiology
(an anesthesiologist and/or nurse anesthetist), regardless of whether
the procedure was performed with the patient under local anesthetic
plus monitored anesthesia care or general anesthesia.

Most procedures were performed via a common femoral artery
approach. However, several distal vertebral and/or basilar artery an-
gioplasties/stents were performed via an ipsilateral brachial artery ap-
proach because of access difficulty from a femoral approach.

A cervicocerebral interventional guide catheter (eg, Lumax, Cook,
Bloomington, Ind) was positioned in the cervical internal carotid ar-
tery (ICA) for anterior circulation lesions and in the vertebral artery
for posterior circulation lesions. If necessary, the guide catheter was
positioned in the subclavian artery adjacent to the vertebral artery
origin.’

Intraprocedural and Periprocedural Medication
All patients received a bolus dose of IV abciximab (ReoPro) after
placement of the neuroguide catheter. Initially, the standard weight-

based cardiac bolus dose (0.25 mg/kg) was given, followed by the
standard 12-hour infusion (0.125 ug/kg per minute). Beginning in
2003, in low-risk patients (eg, smooth lesions, no dissection), this
bolus was decreased to one half of the standard dose, with no addi-
tional infusion. All patients also received an IV antithrombotic agent
at this time. Initially, heparin was given (5000-U bolus dose IV with
initial doses given to maintain activated clotting time at 250-300
seconds). Beginning in 2003, bivalirudin (Angiomax) was adminis-
tered in a standard fashion (bolus of 0.75 mg/kg followed by an infu-
sion at 1.75 mg/kg per hour for the duration of the procedure and
then 0.25 mg/kg per hour for a total of 12 hours).

Choice of Balloon and/or Stent

Angioplasty alone was performed in most patients. Primary stent
placement was reserved for specific circumstances: eccentric stenotic
lesions in the ICA below the ophthalmic artery or in the distal verte-
bral artery or proximal basilar artery. Secondary stent placement was
performed if the lesion did not respond to angioplasty or if there was
unacceptable rebound stenosis (return to the preangioplasty degree of
stenosis or worse). Figures 1 and 2 illustrate typical lesions treated by
angioplasty alone versus primary stent placement and the long-term
angiographic results.

With the exception of a few early cases in which the Stealth (Bos-
ton Scientific-Neurovascular, Fremont, Calif) or the Stratus (Micro-
Interventional Systems) balloon systems were used (neither is cur-
rently available), all of the balloons and stents used were marketed for
coronary artery use. If a balloon alone was used, the shortest balloon
that covered the length of the stenotic segment was chosen, typically
9-10 mm. The balloon diameter was undersized relative to the vessel
diameter by 0.25-0.5 mm if at all possible.** Because of technical and
device limitations, lesions in a vessel of primary diameter =2.0 mm
rendered balloon undersizing impossible until balloons with inflated
diameters of 1.5 mm recently became available. If a stent was to be
used primarily, the shortest stent providing adequate coverage of the
stenotic segment was chosen, and the stent diameter was matched to
the vessel diameter or undersized rather than oversized.®

Procedural Technique
In 50 of the 84 procedures, a low-profile microcatheter and neuro-

microguidewire (Transcend 14 EX, Boston Scientific, Natick, Mass)
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Fig 2. A, 81-year-old man who presented with recurrent left carotid artery TIAs (right-sided weakness and expressive aphasia). PA left carotid arteriogram reveals a focal but eccentric
stenosis at the petrocavernous junction (arrow). The lesion is short, eccentric, and along a curve in the vessel; the vessel is >3 mm in diameter and proximal and is typical of the lesions
treated with stent placement. B, Appearance immediately after stent placement. Note a small dissection (arrow). C, Appearance 6 weeks later demonstrates healing of the dissection. D,
Appearance 4 years after stent placement. The mild residual stenosis remains and the patient remains asymptomatic.

Fig 3. A, 66-year-old man with recurrent episodes of dizziness, nausea, and diplopia. Lateral view of arteriogram performed with the catheter in the innominate artery. The right vertebral
artery has a hairlike residual lumen beyond the posterior inferior cerebellar artery (small arrow); the basilar artery is supplied in large part from the anterior circulation via the posterior
communicating artery (/arger arrow). The dominant left vertebral is occluded just above the posterior inferior cerebellar artery. B, After initial angioplasty with a 1.5-mm balloon, distal
perfusion is improved (long arrow indicating antegrade flow in the basilar artery), but a severely stenotic lumen persists (short arrows). C, After placement of overlapping stents in the
distal vertebral artery, there is antegrade filling of both posterior cerebral arteries indicating increased perfusion. D, Initial follow-up examination at 6 weeks reveals continued patency.

The patient was followed up with CT angiography, and the stents remain patent 2 and a half years later.

were advanced across the stenosis. The guidewire was then replaced
with a neuro-microexchange wire, over which the balloon or stent
was advanced. In the remaining 34 instances, it was possible to ad-
vance the stent or balloon directly across the stenosis by using a selec-
tive microguidewire without exchange. Digital subtraction road-
mapping was used to accurately position the balloon. If angioplasty
alone was performed, the balloon was inflated gradually (at a rate of 1
atm every 30 seconds) to the desired pressure. It was held at this
pressure for 30 seconds and then deflated. This technique of ex-
tremely slow inflation has been previously described in detail by the
authors.® If a stent was deployed, the rate of inflation was 1 atm every
15 seconds to the desired pressure; the pressure was held at the desired
level for 15 seconds, and the balloon was then deflated. All balloon
inflations and stent deployments were performed under fluoroscopic
surveillance.

Observation and Postprocedure Management

Intraprocedural observation of the angioplastied site was performed
to observe for 2 possible sequelae: rebound stenosis and acute/sub-
acute clot (platelet) deposition. With the use of abciximab, the latter
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has been essentially nonexistent as opposed to early experience when
subacute clot appearance was not infrequently observed. If the initial
appearance was unsatisfactory or if there was evidence of rebound
stenosis at any time during a 1-hour observation period during which
angiographic images were obtained every 15 minutes, the authors
took 1 of 3 actions: 1) repeat angioplasty with the same balloon to a
higher pressure, 2) repeat angioplasty with a larger balloon, or 3) stent
placement (Fig 3). Once a satisfactory appearance was achieved, ob-
servation resumed for 1 hour.

Patients treated in the first 2 years of this series underwent a non-
contrast CT at the completion of the procedure; more recently, CT
was only performed if there was angiographic concern or a change in
neurologic status was suggestive of procedural complication.

Postprocedure, to prevent reperfusion/hyperperfusion hemor-
rhage, strict attention was paid to blood pressure control with the goal
of keeping the systolic pressure within a specified normal range (110—
130 mm Hg) using IV labetalol. If there was inadequate response, a
nitroprusside infusion was used. All patients were initially managed
in the intensive care unit. Strict attention was paid to blood pressure
control with the goal of keeping the systolic pressure within the spec-



ified normal range. Once stable, they were transferred to the neurol-
ogy/neurosurgery floor. Most patients were ready for hospital dis-
charge (or transfer to rehabilitation in the case of patients presenting
with an acute stroke) within 48 hours after the procedure. All patients
were discharged on dual antiplatelet therapy unless warfarin therapy
was required for another condition such as atrial fibrillation (these
patients were discharged on warfarin and aspirin [81 mg/day]).

Follow-Up

Early in the series, patients were scheduled for follow-up angiography
after 2-3 months but more recently have been re-imaged 6 weeks after
the procedure. All patients were evaluated with cerebral angiography.
If the follow-up appearance remained satisfactory, imaging was re-
peated at 3 months, 6 months, 1 year, and then at yearly intervals.
Initially, this was achieved by cerebral angiography. Recently, MR
imaging and MRA were performed at the time of initial follow-up
along with angiography if possible. If there was good correlation, then
MRA was alternated with conventional angiography.

If a significant restenosis was demonstrated at the time of follow-
up, the patient underwent repeat prophylactic angioplasty (or stent
placement if necessary) even without recurrent symptoms and was
then followed up as described previously. The rationale for treating
asymptomatic restenoses was the authors’ observation (later con-
firmed by WASID) that a certain percentage of patients would not
have recurrent symptoms manifested by transient ischemic attack
(TIA) but rather by stroke or death.>* Asymptomatic restenoses of
lesser severity were observed with repeat angiography and only
treated if they became symptomatic or progressed to >70% or <1
mm residual lumen. Any time a patient experienced symptoms pos-
sibly related to the treated stenosis, an MR imaging (or a CT if MR
imaging was not possible because of contra-indications such as pace-
maker) and an angiography were performed. Repeat angioplasty or
stent placement was performed if indicated. Conventional angiogra-
phy was also performed if the need arose for major surgery with a
significant chance of hypotension/hypoperfusion (eg, coronary artery
bypass surgery).

All patients were followed up clinically by the referring physician,
a neurologist (if the referring physician was not a neurologist), and
the neurointerventionist. The referring physician (and neurologist if
necessary) performed a neurologic examination 1-2 weeks after dis-
charge and at the time of each imaging evaluation.

Clinical Outcome Measures
Treatment success was defined as a reduction of stenosis by at least
20% with no intraprocedural or periprocedural complications.

Data Analysis

Data were collected on patient vascular risk characteristics, degree of
intracranial stenosis, stenosis locations, initial or repeat angioplasty,
and the sizes and types of balloons and stents used for each procedure.
Immediate angiographic and clinical neurologic outcomes, peripro-
cedural clinical events and their outcomes, and information on
whether the residual stenosis was >50% were also collected. Long-
term clinical and angiographic outcomes included restenosis, time to
restenosis, information on whether the restenosis was symptomatic
and/or required retreatment, duration of follow-up, long-term man-
agement, subsequent stroke, other adverse events, and death. In most
cases, percentages, means, and ranges for each of these outcomes were
calculated to summarize the patient-level data. The time-to-death
and time-to-stroke analyses were performed on the patient level.

Table 1: Lesion characteristics

Characteristic Lesions (%) (n = 71)
Lesion location
ICA 42.3
Vertebral artery 29.6
Basilar artery 14.1
MCA 11.3
ACA 1.4
PCA 1.4
Lesion side
Left 493
Right 35.2
Midline (basilar artery) 15.5
Presentation™
TIA 46.4
Stroke 39.3
Asymptomatic 14.3
Persistent/recurrent symptoms on medical therapy 40.8

Note:—ICA indicates internal carotid artery; MCA, middle cerebral artery; ACA, anterior
cerebral artery; PCA, posterior cerebral artery; TIA, transient ischemic attack.

* Presentation of original lesions (n = 71), as well as restenasis, for a total of 84 lesion
presentations.

The time-to-restenosis analysis was performed on the basis of
unique specific procedure dates and follow-up times. If a patient had
more than 1 unique procedure date, time was calculated as time from
1 procedure to the next or until restenosis. For the patient’s final
procedure, time was calculated from time of that procedure until
restenosis or end of follow-up.

Results

Sixty consecutive patients with 71 lesions requiring a total of
84 procedures were included in the analyses. There were a total
of 224 patient-years of follow-up, and no patients were lost to
follow-up. At some time in the period under observation (=88
months), 6 patients had a stroke and 5 patients died. These
deaths included 1 periprocedural death and 4 long-term non-
neurologic deaths. There was no long-term neurologic death.

The mean age of the patient population was 62.5 years.
Most patients were men (76.7%) and white (86.7%). The
mean length of follow-up was 45.7 months; the longest fol-
low-up was 88 months. The only patient with no follow-up
was the 1 periprocedural death. One patient died at 3 months
from complications following coronary artery bypass surgery.
Two patients had <6 months of follow-up (2 and 3 months) at
the time of analysis but had undergone follow-up angiogra-
phy. All of the remaining patients were followed up for at least
6 months. The only patients lost to follow-up were those pa-
tients who died; they were followed up until death from any
cause.

The distribution of lesions and lesion characteristics are
given in Table 1. The most common lesion location was the
ICA (42.3%). About half of the lesions were on the left side,
35% were on the right, and approximately 16% were midline
basilar arteries (Table 1). A total of 40.8% of the lesions were
recurrently or repeatedly symptomatic while the patient was
on maximal medical therapy. A total of 46% of the cases pre-
sented with a TIA, 39% presented with stroke, and 14% of
lesions were asymptomatic at presentation. Of the 12 asymp-
tomatic lesions, only 4 were de novo “new” lesions. Two were
additional lesions in patients with symptomatic lesions, 2 (in 1
patient) were treated before planned coronary artery bypass
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Table 2: Procedure outcomes by lesion location*

Procedures
Vertebral
Overall Basilar (Non ostial) ICA MCA
(n = 84) (n=12) (n = 28) (n=32) (n =10)
Outcome
Treatment success (%)t 76 (90.5) 12 (100) 25(89.3) 30(93.8) 9(90.0)
Periprocedural complications during initial treatment 7(8.3) 0(0) 3(10.7) 21(6.3) 1(10.0)
(not including death) (%)
Periprocedural deaths (%)+ 1(1.2) 0(0) 0(0) 0(0) 0(0)
Residual >50% (%) 11(13.1) 1(8.3) 6(21.4) 3(9.4) 1(10.0)
Time to restenosis, mo mean (range) 459 (1-16) 6.25(1-16) 450 (1.5-16) 2.88 (2-4) 3.5(3-4)
Restenosis (%) 23(27.4) 6(50.0) 11(39.3) 4(12.5) 2(20.0)
Restenosis with symptoms (%) 5(6.0) 2(16.7) 2(7.1) 1(3.1) 0(0)
Retreatment for restenosis (with or without 13(15.5) 2(16.7) 7(25.0) 2(6.3) 2(20.0)
symptoms)
Retreatment successT8 13/13(100) 2/2(100) 7/7(100) 2/2(100) 2/2 (100)

Note:—ICA indicates internal carotid artery; MCA, middle cerebral artery.

* Vertebrobasilar junction is included with vertebral artery; anterior cerebral artery and posterior cerebral artery data are included in the overall column, but not in the breakdown by lesion
location. The posterior cerebral artery case resulted in a periprocedural death and the anterior cerebral artery case resulted in a periprocedural complication (wire perforation).

t Reduction of stenosis by at least 20% and lack of periprocedural complications.
1 The death was in the PCA case and is not included in the breakdown by location.
§ Based on the 13 repeat procedures.

surgery, and 8 were rapidly progressing restenoses of previ-
ously treated symptomatic lesions (and were thus treated as
part of the planned therapeutic strategy).

Angioplasty alone was performed in 62/84 procedures. A
total of 22 procedures (26.2%) involved stent placement, ei-
ther primarily (14 procedures) or because of inadequate re-
sponse to angioplasty (8 procedures). Most stenoses treated
with stent placement, either primary or secondary, were lo-
cated in the distal vertebral arteries and in the petrocavernous
carotid artery. Table 2 presents the outcomes for all 84 proce-
dures as well as the outcomes stratified by lesion location.

The total periprocedural stroke+death rate was 4.8%. The
overall complication-free procedural success rate was 90.5%.
TIAs accounted for 3/7 (43%) of all nonfatal procedural
events. Nonfatal periprocedural complications, including TTIA
(3), wire perforation (1), hyperperfusion bleed (1), and stroke
in the opposite hemisphere (2), occurred in 8.3% of all proce-
dures. The 1 periprocedural death (1.2%) was due to vessel
rupture. Both opposite hemisphere strokes, the hyperperfu-
sion bleed, and the wire perforation eventually resulted in
good clinical outcomes (patients independent and function-
ing at previous level). Ten of the 84 procedures resulted in
radiographically detectable dissection without symptoms, and
none of these required treatment. Although all of the success-
ful procedures reduced stenoses by at least 20%, 13% of the
procedures still resulted in arteries with residual stenoses
>50%. None of these were associated with persistent
symptoms.

Twenty-three of the lesions (27.4%) developed restenosis,
but only 5 were symptomatic (Table 2). The average time to
restenosis, when it occurred, was <<5 months. More than 90%
of restenoses occurred by 7 months. By 16 months, all reste-
noses had occurred (Table 2). The time-to-restenosis curve is
presented in Fig 4A. Thirteen of these 23 recurrent lesions
were re-treated, but only 2 were for symptoms. Three of the 5
symptomatic restenoses were not treated because in 1 case, the
patient was too sick to treat (procedurally unrelated multisys-
tem failure and eventual death) and in the other 2 cases, the
lesion could not be re-accessed endovascularly. All completed
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pre-emptive retreatment procedures for restenosis were suc-
cessful, and no re-treatment attempt was detrimental.

The time-to-stroke curve is presented in Fig 4B. Long-term
stability of revascularization is shown by the fact that no reste-
nosis occurred later than 16 months and only 1 stroke oc-
curred later than 18 months after the angioplasty/stent. Figure
4C presents the time-to-death curve.

A total of 5 (8.3% of all patients in the study) died during
the study. There were 4 deaths from proved non-neurologic
causes (6.7% of all patients). Four patients overall (2 with
basilar lesions, 1 with a vertebral lesion, and 1 with an ICA
lesion) had strokes in the distribution of the treated vessel.
There were no late long-term deaths from neurologic cause.
The annualized stroke rate was 1.8%. The total annualized
stroke+all-cause death rate was 3.0% (1 patient had a stroke
and later died of another non-neurologic cause). Table 3 sum-
marizes the pertinent data on each of the individual patients in
the series.

Updated Results

Since the original data analysis and manuscript preparation,
an additional 18 months of clinical and angiographic fol-
low-up data have been accumulated. There have been no ad-
ditional strokes, but 1 patient developed TIAs (possibly due to
a second new lesion). The mean follow-up is now 62.5
months, with a maximal follow-up of 106 months (>8.5
years).

Two patients have been lost to follow-up (at 56 and 60
months because we were unable to contact them after Hurri-
cane Rita), and 1 patient died from complications of a spinal
cord injury sustained in a motor vehicle crash. These 3 patients
were stable at the time of their last clinical and imaging fol-
low-up with no new neurologic symptoms.

Two patients developed additional intracranial atheroste-
notic lesions. One patient had previously been treated for a
distal vertebral artery stenosis that recurred and was treated
and eventually asymptomatically occluded. The patient later
developed a new asymptomatic basilar artery stenosis at 76
months, detected during routine follow-up. Another patient
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who was treated for a supraclinoid ICA stenosis developed a
symptomatic restenosis (TIAs), which could not be crossed to
perform repeat angioplasty, and then an additional stenosis at
the carotid apex at 29 months. This second lesion was threat-
ening the collateral supply to the middle cerebral artery distri-
bution via the anterior cerebral artery. In light of the article by

Kwon et al,’° both patients were started on cilostazol. The
patient with the carotid apex lesion is also being evaluated for
extracranial-intracranial (ECIC) bypass surgery.

Discussion

Intracranial atherosclerotic stenosis is a condition estimated
to account for 5%-10% of all ischemic strokes.">® With de-
creasing routine angiographic evaluation of intracranial vas-
culature during routine stroke and TIA evaluation, intracra-
nial atherostenosis might be less frequently identified than
more easily evaluable sources such as carotid stenosis. Specific
evaluation for intracranial sources for stroke/TIA might also
be underperformed because of the belief that there are limited
options for therapy. Unfortunately, however, a high percent-
age of patients with intracranial atherosclerotic stenoses fail
“best medical therapy.”"*"!

WASID was a blinded, randomized, and controlled Na-
tional Institutes of Health trial designed to evaluate outcomes
with best medical therapy for intracranial atherosclerotic ste-
nosis. Because of the extremely small vessels and the resultant
difficulty with measurement, most trials and series, including
WASID, have included patients with as little as 50% or greater
stenoses but have still uniformly had high rates of stroke/
death. WASID confirmed previous trial data* and series™''
and demonstrated that warfarin is no better than aspirin as a
medical treatment. WASID was prematurely halted because of
the high end point event rate with both aspirin and warfarin
and the increased major hemorrhage rate associated with
warfarin.

Surgical endarterectomy is not an option for intracranial
atherosclerotic stenosis as it is with cervical carotid stenosis,
and as opposed to coronary atherostenosis, surgical bypass
(ECIC) has been shown to be ineffective or even counterpro-
ductive for intracranial atherosclerotic stenosis.” During the
total course of follow-up (a mean of 55.8 months), the relative
risk of stroke was 14% higher for the ECIC bypass surgery
group.* Therefore, for intracranial atherosclerotic stenosis,
there is no surgical option of any kind for this extremely high-
risk condition.

Widespread availability of intracranial angioplasty and/or
stent placement may be limited because of the technically de-
manding nature of the procedure and/or patient inaccessibil-
ity as a result of medical-financial restrictions. Retrospective
case series have, however, been published investigating short-
and medium-term procedural and clinical outcomes of PTA
with and without stents for intracranial atherosclerosis, typi-
cally for patients with symptomatic intracranial atherosclero-
sis who failed best medical therapy.®'*'® A prospective trial of
intracranial stent placement (SSYLVIA) resulted in the Hu-
manitarian Device Exemption approval by the Food and Drug
Administration of a stent specifically designed for this
therapy.*

The procedural complication rates reported in these series
varied widely. This variation may be due to a combination of
factors, including choice of procedure (angioplasty versus pri-
mary stent placement), operator experience, patient selection,
and/or timing of the procedure. In some series, primary bal-
loon-expandable stent placement was the chosen procedure
but might introduce additional risks.'>'”?° In the series of
patients undergoing angioplasty without stent placement re-
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Fig 5. Diffusion-weighted MR image dem-
onstrating acute infarct (arrows) produced
by intracranial stenosis of the left ICA.

ported by Marks et al,'® the periprocedural complication rate
was 8.3% and is similar to the results presented here. In other
series, a significant number of patients were treated acutely
following stroke, and this might be associated with an in-
creased risk of reperfusion/hyperperfusion hemorrhage.

There are at least 4 proposed mechanisms of stroke caused
by intracranial stenosis: hypoperfusion, distal embolization,
local perforator thrombotic occlusion, and primary vessel
thrombotic occlusion. Intracranial stenosis as a cause for
stroke/TIA is suggested by a history of recurrent symptoms or
infarcts in the same vascular territory or infarcts in the classic
watershed distribution (Fig 5). Although assessment in the
past has been conventional angiography, recent evaluation has
also comprised MRA, CT angiography, and transcranial
Doppler sonography.>"**

Not all intracranial stenoses represent the same risk or the
same therapeutic challenge. Mori et al*® have described an
angiographic classification system for the prognosis of angio-
plasty results and procedural durability: Short concentric or
minimally eccentric lesions are classified as type A; type B le-
sion are 5-10 mm in length, extremely eccentric, and/or mod-
erately angulated; and type C lesions are longer than 10 mm,
extremely angulated (>90°), or have a very tortuous proximal
segment. Only 5/71 (7%) of lesions reported here were type C.
The authors have found these types of lesions to be more tech-
nically challenging and to require stent placement more fre-
quently, as has been described with coronary lesions.**

Typical locations for intracranial atherosclerotic stenosis
are the petrous and cavernous siphon segments of the ICA, the
middle cerebral artery, the paracranial and intracranial verte-
bral arteries, and the basilar artery. In NASCET, the infracli-
noid portion of the ICA was affected 7 times more often than
the supraclinoid portion.*®> Most lesions in this current series
were in the intracranial ICA. Typical presenting symptoms
included defined acute neurologic deficits (stroke/TIA) as well
as ongoing/recurrent “soft” findings of vertebrobasilar insuf-
ficiency. The authors have observed similar soft neurologic
findings such as word-finding difficulties that were function-
ally related to anterior circulation hypoperfusion and that im-
proved after revascularization.*®

Improvement in symptoms as well as the decrease in stroke
rate compared with natural history is thought to be due to
multiple factors. Increase in vessel lumen gives increased flow
related to the vessel radius to the fourth power (Poiseuille’s
Law). Therefore, a preprocedure lumen of 0.5 mm increased
to 1.5 mm results in flow improvement of 3* = 8100%. This
law of physics applies even if the original vessel is 3 mm and
angioplasty results in a 1.5 mm lumen, leaving a residual ste-
nosis of 50%. An additional mechanism of stroke reduction

could be remodeling of the endothelial surface to a smoother
surface that could theoretically be less thrombogenic.

Follow-up angiography at defined times after angioplasty
has revealed the following: 1) no change, 2) restenosis, or 3)
positive outward remodeling with further enlargement in ves-
sel size and thus reduction in stenosis. The latter was an unex-
pected finding and was not systematically examined but has
been repeatedly observed by the authors (J.C.W., J.J.C.). This
increase in luminal diameter after angioplasty is thought to be
secondary to vascular remodeling after damage to fibrous
structures either in the plaque or in the vessel wall (this phe-
nomenon has not been rigorously investigated). This positive
remodeling has typically been observed at first follow-up and
has been stable with time.

Conclusion

Intracranial atherostenosis is one of the most high-risk neuro-
vascular conditions and is associated with higher stroke and
death rates than intracranial aneurysms or arteriovenous mal-
formations, has long-term stroke and death rates greater than
those of extracranial carotid stenosis, and has no surgical
treatment option. Intracranial angioplasty with or without
stent placement has previously been shown to be technically
feasible and possibly beneficial for stroke reduction.®'*° This
retrospective consecutive series with long-term independent
clinical neurologic follow-up has shown that intracranial an-
gioplasty with conditional stent placement is both technically
feasible and clinically effective. The total periprocedural
stroke+death rate was 4.8%. Treatment by angioplasty with
conditional stent placement resulted in a considerable reduc-
tion in total long-term stroke and neurologic death (from 8%
to 22% 1-year stroke/death down to 3% long-term stroke/
death rate)'™* and may currently represent the only effective
treatment for this condition. The substantial and durable ben-
efit of endovascular revascularization establishes the appro-
priateness of this therapeutic approach for primary treatment
of symptomatic intracranial atherosclerotic stenosis. Further
study is warranted.

Dedication

This article is dedicated to the memory of Robert D. Martinez,
MD, a pioneering neurologist in the treatment of intracranial
atherosclerosis.
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